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mws OF AN AIIUPIANEMODEL WITH A 62° swEPT-BACK

WING IN THE LANGLEY JZWE-FLIGHT TUNNEL

By Bernard Maggin and Charles V. Bennett

f3m4MARY

----

A flight investi~tion has been made W the LangJ-eYfree‘fli~t
tunnel to determine the severity of the -Jc stabili’Q and control
problems associated with 62° sweepback. In the investigation a
simplified mc+lelhavtng a 62° swept-back wing of as~ct ratio 2.5 and -
taper ratio O..5was use~. In addition to the flight tests, force
tists and tuft tests wme made to detemmine the static-sta%ility and
wing-stall characteristics, and calculations were made to delxmnine
the boundaqy of zero damping of the lateral oscillation.

The model was successfully flown over a limited range of lift
coefficients and, in &nerd., the resuite indicated that the problems
associated with 62° swmpbaclc were similar to those previously found
to be associated with 420 sweepback. The “particularmodel wing used
was found to be statically unstable longitudinal~v at high lift
coefficients when tested alme, but the addition of a horizontal ml
resuited in satisfactory longitudinal stability except between lift
coefficients of O.61jand O.TO at which &ifficulty was encountered in
fl~@t in establishq the correct t~~l airspeed @ @ide an@e .

The lateral oscillations of the mcxielappeazwd to be well damped
even for conditions which calculations indicated were W8tible. The
large value of rolling moment due to sideslip affected the control-
lability adversely, particularly when the directional stability was
low. These results indica%d that, at least for air~lanes of low
relative density, the dihedral and vertical-tail design will be
determined more from considerations of controllability than of dyrmnic ‘
lateral stabilii~. The lateral control became weabr with increasing
angle of attack, and flights could not be made at lift coefficients
~eater than 0,88 because of insufficient lateral control.
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INTRODUCTION

stability and control probleme associated with
on aircra?t are discuseed in reference 1. In order
significance and aolu~ion of SOW of these problems

in terms of actual flight behavior,a ~rogram of’research has been
undertaken in the Langley free-flight tunnel with a series of
swept-wing models. Damping””in-roU measurements for wings
having 2°, 42°, and 62° sweeyback are g$ven in reference 2, and the
low-speed stability and damping in roll for a series of wings of
different aspect ratio for 42° sweepback and 38° sweepforward are
given in reference 3. The effect of aspect ratio on longitudinal
stability at the stall hae been analyzed and is discussed in
reference 4. T’heflight %ehavior of a complete model having
the 42° swept-back wing of’reference 1 was d.etermlnedin the
Langley free-flight tunnel and is discussed in reference 5. In
the tests of reference 5 it was found that, in general, the problems
indicated in reference 1 ex5sted,although the problem of obtaining
stable lateral cmcil.lationswas not so difficult ae was Indicated.
In addition, however. at a Mft coefficient of approximately 0.7
the dynamic longitudinal behavior was found tc-be unsatisfactory
and appeared b be aesoclated with flow changes over the high-aepect-
ratio wing used. In order to extend this work to higher sweep angles,
an investigation was undedteken in the Langley free-flight tunnel
with a model having the 62° swept-lack wing of reference 2. The
wing aspect ratio was 2.5, the taper ratio was O.~(),and the relative
density of the complete mcdel was 9.69. Force tests, fllght tests,
and tuft teets were made, and the results are given herein.

‘Ikeflight teets were made at lift coefficients frcm O.34
to 0.88@th various amounts of directional etability. Force tests
were made to determine the static stebi.lltycharacteristics of the
wing alone and of the complete model with varioue sizes and locations
of the vertical tail.
detwrmine the boundaxy
of the model to otitain

In addition, calculations were made ta
of zero damping of
a correlation with

SYMBOLS

the lateral oscillations
the flight-test results.

The forces and coefficients were measured about the stability
axes, A diagram of these axes showing positive direction of the
forces and moments is given as figure 1.
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weight of model, ponnds

airspeed, feet p6r second

tall length, feet

wing span, feet

wing chord &less othmwlse notd,feet; meawmed in plane
parallel to @ane of symmetry

me= aerodynamic chord, feet; heasured in plane parallel to

plane of symmetry

emgle of sweepback of

incidence, degrees

of wing, degrees

angl,eof attqck, degreee

/JC

(taper ratio -~ )
Cr\ /

rudder deflection, degrees

elevator deflection, degrees

yitching moment,.foot-pounds

rolling moment, foot-poucds

yawing moment, fcot-pounds

()Liftlift coefficient —L
qs

/drag coefficient -WA

()
q.s

()
pitching-moment coefficient -!!_
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rolling -moment

yawing-moment

I_ateral-Sorce

()Lcoefficient —
qsb

‘N
pcoefficient —

qsb ]

c“ef’’cientta’er:~fo’c9
E&s8 density of air at standard conditions, 8hga per

cubic foot

-C pressure, pounds per square foot

engle of-sideslip, degrees

flight-path angle, degrees

emgle of yaw, degrees (for force-test

angle of’roll, degrees

A6 total aileron deflection (sum
a pb=.05
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of right and left-ailerons
27 .
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helix angle generated by wing tip (rolling-velocityfactor)
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accelemtion due to gravity (32.2 feet per second per second)

radius of gyration ~bout principal X-axIs, feet

radius of gyration about principal Z-axis, feet

effective-dihedrel parsmeter; rate of ch~e of ro~*-
moment coefftolent with angle of sid9Blip, per degree

{a~l
d%--

directional-stability parameter; rate of change of yawing-
moment coefficient with angle ~i’ 3ideslip, per degree

(-)

acn

ap

rate of change of yawing-moment mef?icient with rolling-
‘acn()angalar-velocity factor -——
2*
2v/

rate of change of rolling-moment coefficient with r&Udng-

()
acl\

angular-velocity factor —
a &Z.
27

rate of change of rolling-moment coefficient with yawing-

‘acz()angulex-wlocity factor .—.

a .$$-

rate of charge of yawing-moment coefficient with yawing-

()
acn’

enL1.Jr-veicmity factor _.

a rb---
2V

.
.

.
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CYp eyfective side-area pemmeter, rate of change of lateral-

()
%force coefficient with angle of sidesli~ -—
ap.

R Routh’e discriminant

Subscripts:

T tip

r root

t horizontal tail

APPARATUS

The flight tests were made in the Langley free-flight tunnel,
a description of which is gtven in reference 6. The force tests
were made on the free-flight-tunne3_six-componentbalance which
rotates in yaw with the model ao that all forces and moments are
measured about the eta%ility axes. (See fig. 1.) A description
of this balance is given in reference 7, A photograph ‘of;the model
flylng in the test eection of the tunnel is shown as fQure 2.
Tuft tests of the model wing were _nde in the Langley 15-foot free-
sphning tunnel.

The model consisted of a wooden boom upon which were mounted
the sw~pt-back wing together with horizontal md vertical stabilizing
i3urfacec. (See fIg. 3.) The wing had 62° sweepback of the quarter-
chord line and a taper ratio of 0.50. The airfoil section used was
a Rhode St. Genese 33 section perpendicular to the O.~-chord line.
This section was used in accordance with Langley free-fll@t-tunnel
praotlce of using airfoil sections that obtain maximum lift
coefficients in the low-scale tests approximately equal to that of
a full-scale wing having conventional airfoil sections. The
stabilizing surfaces were etraight-taper unswept horizontal and
vertical tails having NACA 0009 airfoil sections. Two vertical tails
were tested on the model, one 1.o.6yercent of the wing area and
one 5.25 percent of the wing area. The model was so constructed that
the directional stibility could be changed hy varying the vertical-
tail len@h. The geometric characteristics of the vertical tails
and the vertical+ail lengths teste~ are shown in figure 3.

r

._
.

.

.

.



.

NACA TN No. 1288 7

.

.

.

Force tests were made to detenuine the lift, drag, and pitching-
moment chmacteristics through the lift range for the model wing
alone and for the c~plete model with -s” incidence of the horizontal
tall. In addttion, force tasts were made at ~~” yaw over the lift
range with ’10° incidence of the horizontal tail to determine the
lateral stability characteristics of the model wing and for the
complete model with vertical tail 2 mounted in position 1 and
vertical tail 1 in positions 1, 2, and 4. (See fig. 3.) All the
force tests were made at a dynamic pressure of 3.0 pounds per square
foot, which corresponds to a test Reynolds numter of 336,ooo based
on the mean aerodynamic chord of 1.05 feet.

—

Tuft tests were made to study the flow pattern over the wing
alone throughout the lift range. These tests were made at a
dynamic pressure of 2.8poundswr square foot, which corresponds ‘---” ““ “
to a test Reynolds nuuiberof 326,000. Photographs were taken of
the tufts on

3
e upper surface of the wing at singlesof attack

~om -8° to 2 .

F13.ghttests of the mo~elwlth the center of gravity at 0.45Z
and 0.30c and with the incidence of the horizontal tail at -5° and -1o”
were made for a lift+coefficient range from 0.34 to 0.88. For these
tOStS vertical tail 2 was mounted imposition 1. (See fig. 3.)
Flight tests were also made at a lift coefficient of approximately 0.6
with vertioal tail 1 mounted in positions 1, 2, 3, and 4. In all
f~ghts, abrupt deflections of a~roximate~ +18° (total 36°) of the
ailerons, 5° or the rudder, and 5 of the elevator were used for
controlling the model. A complete description of the flighl+testing
teohnique used in the Langley free-fli.@t tunnel is given in reference 6.
The behavior of the model in flight under the various test contitiom
was noted by visual obsemations and supplementod,by motio~picture
recorals.

Calculations were nmde by the method of reference 8 to determine
the boundary of zero damping (R = O) of tie lateral oscillations
for a lfft coefficient of 0.6 to o%tain a correlation with the
f~ght results. In the calculatims, the product-of-inertia te.-
were included in the equations as described in reference 9. The
aerodynamic, geometric, and mass characteristics wed in the
calculations are presented in table T. The mass characteristics of
the model were obtained by measurements. The fli@t-path angle,
trim airspeed, end angle of attack for the lift coefficient of 0.6
were obtained from flight tests. The values of C&

..
and C

P %

. (tail dff) were obtained frcm force tests, and the values of the
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clamping-in-roll parameter

data of reference 2. The

%2 were obtained

values of the other
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f’mm the experimen~l

8tability parameters
were estimated frcm the data of reference 10 with sane consideration

“ being given to the effect of sweepback on these parameters.

RESULTS AND DISCUSSION

Force Tests

Lonscltudinal stabiJ.j.tY.- The results of the force tests to
determine the lift, drag, and pitching-moment characteristics of
the wing alone and of the complete model are shown in figure 4.
The data presented show that’the wing alone had unsatisfactory
static longitudinal stability characteristics at moderate and high
lift coefficients as evidenced by the changes in the slope of the
pitching-moment curve and particularly by the increasing nosing-p
moments at lift coefficients greater than 0.6. The data alEo show
that the eda.itionof a horizontal tail resulted in static longitudinal
stability up to an angle of attack of 24° corresponding to a lift
coefficient of 0.84. Reference 5 and unpublished wind-tunnel data
indicate that the static longitudinal stability of swept-back-wing
airplanes is critically dependent upon horlzontil-tail position.
All the tests on the model having a 62° swept--backwing, however,
were made with the horizontal tail in the position shown in figure 3.
This yosltion gave static longitudinal Qtability.

I@&mal stability.- The results of force tests made to determine
the lateral stability ckracterj.sties of the model are presented In
figure ~ in the form ot plots of

directional-stalilityparameter

parameter %p against angle of

the lateral-force parameter ~ ,
P

c and the effective-dihedral
%’
attack and lift coefficient. The

data dhow that the model wing had a variation of
C2 with lift

P
coefficient similar to #at of the 42° swept-back wing of reference ~.
As in the case of the ~ swept-back wing, the addition of the
vertical tail to the 62° swept-back wtig reduoed the variation of Cl

B

.
.

with lift coefficient because the vertical tail moves downward with
Increasing angle of attack. The data also show that with tail off
the model had approximately zero directional.sta,bility C throughout

%
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the lift range. An increaae in vertical-tail area or tail length
increased th;directional s~bility, as

Flow Surveys

The results of the flow surveys of
fiuure 6. These data indicate that the

would be expected.

the wing are yresented in
geneti flow characteristics

tl~oughout the lift range are eimilar to-those noted for the @o
swept-back wing (see reference ~) except that the progression of the
outflow at the higher lifts is much more gradual with increasing
angle of attack fgr the 62° swept-back wing. The mae gradual
outflow of the 62 swept-back wing resulted in a less abrupt stall
as evidenced b
that of the 42~

the lift curve of the 62° swept-back wing compared with
swept-back wing. (See fig. 4 and reference 5.)

Flight Tests

LonRitudinal stabilitY.- The dyn&c longitudinal stability
characteristics of the model with the center of gravity at 0.45?S
was considered satisfactory between lift coefficient of 0.35
tO 0.65. In this lift-coefficient range the model flew steadily
and all pitching motims seemed to be heavip damped.

In fll~~ts made at lift coei’ftcientshetweeq 0.65 anfi0.70
sGme difficulty was ‘encounteredin establishing the correct &-h
airspeed and tunnel angle (which corresponds to the model fl@ht-
path angle). At times these settings appeared to be correct, but
the mcdel would tend to rise or fall in the tunnel suddenly and
without any apparent reason and thus require large changes in tunnel
angle and airspeed to maintain flight. Often the changes required
would be so Lxrge that they could not be made quickly enmugh ta
prevent the model from crashing.

This erratic longitudinal behavior was very eimtlar to that
noted in flight tests of the model with the @o swept-back wing
between lift coefficients of O.@ and O.@ (reference 5). As in the
case of the @o swept-back wing, tiis longitudinal flight behavior
is bblieved to be the result of the change in flaw over the wing
at moderate lift coefficients (as Indicated by the wing%lone
pitching-moment curve of fig. k) oombine~ with the wariaticn of
the flight-path angle with lift coefficient. (See fig. 7.) ‘I!hIs

erratic flight behavior of the model in the tunnel indica~%s that
although static longitudinal stability is provfded by a horizontal
tail, airph.ne~ with wings having abrupt changes in pitching-moment
characteristicsmight have unsatisfactory dynamic longitudinal

—
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stability characteristics. The unsatisfactory longitudinal stibility
noted in the model fllghts might he evidenced in full-scale fllght

.

by difficulty in maintaining steady flfght, which would %e particularly
dangerous at high Iift coefficients.

As in the case of the 42° swept-back wing,moving the center
of gravfty forward 0.15s to increaee the static margin (see fig. 8)
did not result In an improvement in the longitudinal-flightbehavior
between lift coefficients of O.&j and 0.70.

In flights at lift coefficients between 0.70 and 0.88 the
longitudinal stability was coneldered fairly satisfactory In that
steady flights could be made and all pitching motions were well
damped. Flights were not possible at lift coefficients above 0.88
because of the lack of-lateral control at these lift coefficient.

Lateral stabilitY.- In the flights made with vertical tails 1
or 2 in position 1: the lateral stability characteristics were
satisfactory throughout the lift range investigated (0.34 to 0.88).
The lateral motions, predominantly rolling accompanied hy a small
emount of yawing, were well damped. In fact, the damping appeared to
be almost dead%eat. When the length of tail lwas reduced (position 1
to 2) no appreciable change occurred in the lateral stability charac-
teristics of the model. The lateral motions still appeared to be
well damped andit was very difficult for the pilot to start a
lateral oscillation even though the model was rolled vi.olentlyby
?mans of the ailerons. Although the damping of the lateral oscillation
was not noticeably reduced, the model was harder to control laterally

.“

because greater angles of sideslip were attained inadvertently,which
In turn produced large rolltng moments that opposed and at times
overpowered the aileron control.

With tail 1 mounted in positions 3 and 4 It was impossible to
obtain flights of any duration and the pilot was unable to ascertain
the lateral stability characteristics of–the model in detail, although
in none of the flights was there any discernible oscillatory motion.
Durfng take-off or in fl@ht,lf the model sideslippedlarge rolling
mcments were produced which the pilot could not overcome with the
rudder and aileron controls and the model rolled off and crashed
into the tunnel wall. The roll-off was attributed to the low
directional stability with these tail configurations combined with
large effective dihedml of the 62° swept-back wing at the lift
coefficient of 0.60. The low directional stability yermitted large
angles of sideslip to bo reached and the large effective dihedral
resulted in a large adverse rolling moment which op~osed the aileron
rolling moments and weakened the lateral control.

‘T
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The calculated boundsxy
oscillation is presented and
in figure 9. The calculated

-11

for zero damping of tie lateral
correlated with flight-test results
data,which mredict instability for

tail i in ~ositions 2, 3, and k, disagre& with the flight-~est
results, which indicated stability for tail 1 in position2 and
which showed no unstable oscillations with tail 1 at positions 3
and 4 even though long flighte were impossible with these
tail positions (positions 3 end 4) as has been noted. The
disagreement between the flight tests and the calculated boundary
is a~tributed in part to tie-lack of experimental data on some
the rotary derivatives used in the calculations. For example,
some recent unpublished experimental data taken in the Langley
stability tunnel on one 60° swept-back wing showed that the
derivative Cn varied In an unconventional manner with angle

P
of attack and, for moderate and him angles of attack, was of

of

opposite sign-to that normally uee~. C=lculatiom indicate that
such a change in the value of C

%?
in the present case would

cause the oscillatory-stabilityboundary to shift downward into the
remge of negative values of Cn . This change would bring the

B
calculations into better agreement with the flight tests. These
results emphasize the need for more experimental data on the rotary
derivatives of highly swept wings.

Lateral control.- In the flights made over the lift range tested
the aileron rolling effectiveness was seen to very appreciably. At
low lift coefficients (0.34 to O.kO) the ailsron control was considered
satisfactory when the directional stability was adequate. Between
lift coefficients of’O.kO and 0.50 the aileron control became
progressively less effective. At lift coefficients from O.~ to
approximately O.& the ailerons became slightly more effective
although never so powerful as at the lower lift coefficients. Era
lift coefficients of 0.80 to 0.88 the lateral control again became
weaker and at lift coefficient greater then 0.88, fli@te were
impossible because of the complete lack of lateral control. At the
trim lift coefficient of approximately O.~ ‘theaileron effectiveness
appeared to vary during flight. Changes in air flow over the wing
in this lift-coefficient range ~“e believed to be a contributing
factor. Data from reference 1, showing the variation in aileron
rolling effectiveness with lift coefficient for the wing tested, are
pressnted in figure 10. These data, which were obtained from static
tests and.damping-in-roll,tests, show changes in aileron ro3Mng
effectiveness with lift coefficient similar to those noted in the
flight tests.

.



12 JMOA TN No. 1288

CONCTJJDINGRmARKs

.
.

. ●

The results of force and flight-tests of an airplane model
with a 62° swept---backwing in the Lan@ey free‘flight tunnel are
summarized as follows: .-

1.

I
lh general,the yroblems of obtaining satisfactory stability

and control with the 62° swept-lack wing were similar to those for
the @?” sweyt-back wiqg although loss of aileron contro~.at high
lift appeared to be more serious. ~
~. .,- - ,—” “, .

2. A horizontal tail was effective in making a longitu&nall.y
-—

unstable wing stable although o%~ectionable dynamic motions were
encountered at lift coefficients of 0.65 to 0.70 which were believed
to be associated with the change in flow over the wing.

3* The lateral oscillations of the model appeared to be well
damped even for conditions which calculations indicated were unstable.
This disagreement was attributed in part to the lack of%xperimental
data on some of the rotary derivatives used in the calculations.

4. At low and moderate lift coefficients, the latera2 control
of the rmdel was satisfactory when the directional stability was
adequate but-was um.satisfactorywith low directional stability because,
in these cases,inadvertent sideslipping introduced rolli~ moments
which at times overpowered the aileron rolling moments. This effect
was especially bad for the model tested because of the large value
of rolling moment due to sideslip associated witi the swept%ack
wing. !i%aseresults indicated that, at least for airplanes of low
relative density, the dihedral end vertical-tail design will be
determined more from considerations of controllability than of
dynamic lateral stability.

5. As the lift coefficient was increased the lateral control
became weaker and flights could not be made at lift coefficients
above 0.88 because of insufficient lateral control.

Langley Memorial Aeronautical Laboratory
National Advisory Coumittee for Aeronautics

Langley Field, Va.j December 19, 19h6
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TABLE I

OF AIRPIANE MODEL WITE 62° SWE~-EACK WING

CALCUIATIO13SOF TEE BOUNDARY OF ZERO

.
,

CHARAC~ISTICS

USED IN TEE

.
.

DAMPING 03’TEE LATERAL OSCILLATIONS (R = O)
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axes of inertia are
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NACA TN NO. 1288 Fig. 2
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Fig. 4 NACA TN No. 1288
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NACA TN No. 1288 Fig. 7
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Fig. 8 NACA TN No. 1288
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NACA TN No. 1288 Fig. 9
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Fig. 10 NACA TN No. 1288
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